INTRODUCTION
Approximately 30 elements are recognized to be essential for life. Whereas some of them such as Ca, K, Mg and Na are required in macronutrient amounts, others occur in trace or ultra trace quantities. Cu, Fe, Ni, Zn, and Mn are at the top end of this trace scale and play an important role in biological systems. On the other hand, some elements (e.g., Pb and Cd) are non-essential elements and toxic even in trace amounts [1] .
The quest for a healthy life style has intensified the consumption of natural products, such as fruit juices. Fruit juices contain vitamins, minerals and easily digestible fruit sugar that are beneficial to our body [2] .
Although fruit juices do not contain much nutritional value, they are widely consumed all over the world due to the diversity of flavors and also because of their diet, light and low calorie versions. There are a large variety of potential contaminants in soft drinks (Al, As, Cd, Cr, Cu, Hg, Pb, Se and others). Therefore, the mineral composition of such beverages needs to be investigated [3] .
The determination of minerals in fruit and their juices has been carried out using several analytical techniques, each with its advantages and disadvantages. McHard et al in their study evaluated four spectrometric methods for orange juice analysis: flame atomic spectrometry (FAAS), direct current plasma atomic emission spectrometry (DCP-AES), inductively coupled plasma atomic emission spectrometry (ICP-AES) and atomic fluorescence spectrometry (AFS) [4] . Castro et al used a factorial design in the optimization of a preconcentration procedure to determine copper by FAAS [5] . Graphite furnace atomic absorption spectrometry (GFAAS) was employed by Seruga et al to determine Al in soft drink samples that had been stored for 12 months [6] .
Inductively coupled plasma atomic emission spectrometry (ICP-AES) has proved to be a rapid and accurate technique for the determination of minor and major element contents in fruits and fruit juices [7] [8] [9] . ICP-MS is another method for the quantitative determination of a range of metals in a variety of fruit juices [10] .
The aim of this study is to determine the amount of major and minor elements in two types of fruit juices, clear and cloudy, obtained from various kinds of fruits (cherry, black cranberry, black grape, blueberry, peach, apple, strawberry and apricot),in Niš markets in Serbia, as basis for evaluating their possible effects on the health of consumers consumption.
EXPERIMENTAL Reagents
ICP multi-element standard solution (Ultra Scientific, USA) with a concentration of 20.0 ± 0.1 mg/L was used as stock solution for calibration. Nitric acid (Merck, Darmstad) and hydrochloric acid (Merck, Darmstad) were used for complete mineralization of analyzed samples.
The plastic containers used for storing the samples were cleaned to avoid contamination of the samples with traces of any metal. Containers were treated with 5 % nitric acid and washed with ultra-pure water 0.05 μS/cm (MicroMed high purity water system, TKA Wasseraufbereitungssysteme GmbH).
Instrumentation
All analysis were carried out on an iCAP 6000 inductively coupled plasma optical emission spectrometer (Thermo Scientific, Cambridge, United Kingdom) with an Echelle optical design and a charge injection device (CID) solid state detector. The instrument was operated under the conditions shown in Table 1 . 
Sample preparation
In this study, two types of commercial fruit juices (clear and cloudy) of 10 different most frequently consumed brands were obtained from different markets in city of Niš, Serbia (Table 2) . A total of 24 juice samples were analyzed in this study. Samples of fruit juices were prepared for metal determination by dry digestion method [11] . Each fruit juice sample (20 mL) was transferred into the glowing pot and heated at 100 °C in a sand bath. After evaporation, the sample was heated in a furnace at 600 °C for 12 h. In order to complete mineralization of the samples, 65 % HNO 3 was added, heated to dry and then returned into the furnace for another 10 h. The ash obtained was digested in 36 % HCl and filtered through a Whatman no. 541 tape into a 50 mL flask.
Data analysis
All measurements were carried out in triplicate, and presented as mean ± standard deviation (SD). Significant differences among mean values, where applicable, were determined by one-way analysis of variance (ANOVA). A p value <0.05 was considered statistically significant. For all statistical calculations statistical package of software SPSS 20 was used [12] .
RESULTS
For the purpose of validation of the method, the limit of detection (LOD = 3xSD/m), the limit of quantification (LOQ = 10xSD/m) for each metal were computed, where SD is the standard deviation of reagent blank and m is the slope of the calibration graph; emission wavelength and correlation coefficient of the calibration curve for each metal were also determined and are shown in Table 3 . The highest content of macro-element present in all samples of clear fruit juices was potassium and it ranged from 85.35 to 192.2 µg/g. Black cranberry juice showed the highest content of K while the lowest content was detected in blueberry juice. The content of potassium was nearly the same in all the juice brands (Table 4 ).
In cloudy fruit juices, K content ranged from 54.4 to 230.9 µg/g ( Table 5 ). The highest content of this macro-element was in multivitamin juice while the lowest content was in strawberry juice. There was statistically significant difference between clear and cloudy fruit juices (p < 0.05). Iron was the most prominent essential element (Tables 4 and 5 ). The highest content of iron was obtained for black grape juice (5.9 µg/g). The content of other essential trace elements followed the descending order Cu > Zn > Ni (p < 0.05).
Cadmium, which is a toxic element, was detected in all the tested fruit juices. The content of this heavy element was higher in clear juices than in cloudy fruit juices; the content ranged from 0.0327 to 0.1212 µg/g and 0.0137 to 0.0803 µg/g, respectively (Tables 4 and 5 ). 
DISCUSSION
Konić-Ristić et al had also shown that the content of potassium was highest in different berry juices compared to other macro-elements (Ca, Mg and Na) [13] .
Potassium is the most abundant intracellular ion, and it is essential for membrane transport, energy metabolism and normal functioning of cells. Potassium is found naturally in the fruit in the form of potassium salts of tartaric acid. The higher content of K that were detected in fruit juices may be due to that during the production of this products many potassium compounds are added as sweeteners (acesulfame K) or preservatives (E212-potassium benzoate, potassium sorbate-E201, potassium bisulfite-E228), which lead to an increase in the content of this macro element in fruit juices over the baseline which derived from the fruit [14] . Our study showed statistical significance difference in content of K for tasted fruit juices, that indicate that all fruit juice had different content of this element. In regard of this finding, every type of fruit juices can have different nutritional value for human diet, according to the content of potassium.
The recommended daily dose of potassium, according to the Regulations on safety of dietary supplements in the Republic of Serbia, is 2000 mg [15] . Since the K content in samples of the fruit juices was about 200 mg/L, it falls below the allowable limits and the juices can be used as an additional source of this macro-element in human nutrition.
Fruit juices contain sodium (the water and added sodium salts such as benzoates, citrates or saccharin), calcium and magnesium (the water and the fruit). Enrichment of juice in these minerals is very simple because their compounds (salts) easily soluble but on the other hand, excessive addition of these compounds can lead to salty or bitter taste of juice, and the laxative effect [14] .
The results of this study are in accordance with findings of Jablani et al. where the content of iron was also higher than copper and zinc in some juices that are commercially available in Pakistan [16] . . It is known that iron is required for the activity of certain enzymes involved in energy production and about 10 % of the body pool of iron is used in this way. Iron deficiency leads to microcytic, hypochromic anemia and the symptoms include fatigue, weakness, pallor, dyspnoea on exertion and palpitations. Gastrointestinal symptoms are also fairly common and fingernails may become lusterless, brittle, flattened and spoon-shaped [17] .
The content of essential trace elements showed statistical significance difference in samples of all tasted fruit juices, that mean that fruit juices had different content of this important micronutrients. From the results of this study, all the tested fruit juices can serve as additional sources of this essential trace element in daily human nutrition.
Although the content of cadmium was very low compare to other detected elements, this metal can be deposited in bones, liver and kidneys, and due to its cumulative effect, the function of these organs can be impaired [18] .
The content of cadmium in tasted fruit juices is below permitted limits, but it should be addressed that regulations in Serbia that should prescribed the maximal allow content of this heavy metal in fruit juices and other beverages, are out of date. They must be as soon as it possible to be updated, and also coordinated with some European and World regulations, duo to toxic effect of cadmium.
Coco et al also detected the presence of cadmium in apple and pear fruit juices. In their study, the content of cadmium ranged from 2.1 to 3 ng/g in pear fruit juices and 2.0 to 2.9 ng/g in samples of apple fruit juices. They concluded that even if the concentrations of this metal in beverages are normally very low, a significant contribution to the increase of the metal quantity assumed by man may derive, owing to the potential great consumption of this kind of beverages [19] .
Aluminum content was higher than those of the other trace metals. Clear fruit juices showed much higher content of Al than samples of cloudy fruit juices. Zadeh and Sadeghi, in their work, showed that its content in grape juice was higher than those of other fruit juices [20] , a finding which is in accordance with our study. Aluminum is a metal with no nutritional value but to which humans are frequently exposed. The metal may enter the human body by mouth, intravenous infusion as well as by environment, including drinking water, food and pharmacological products. This element has been implicated as a causative factor in several clinical and neuropathological diseases, such as Alzheimer's, Parkinson's, Parkinson-Guam's disease, amyotrophic lateral sclerosis, diabetes and cancer [21] .
Total aluminium content in soft drinks includes aluminium which is present naturally in water, aluminium from Al-containing food additives and colors and that which arises from contact with Almade containers [22, 23] . The packaging material for all tested fruit juces is typically a brick-shaped carton synonymous with the name of TetraPak and TetraBriks, and it is made from layers of paper, plastic (polyethylene) and aluminium foil. Al foil is a solid metal with negligible vapour pressure and hence the idea that Al by itself should start migrating through the polymer is ruled out. It is well established that several components in orange juice migrate into polymers [24] . Aluminium surfaces can deteriorate whenever they come into contact with salty, acidic, or even neutral aqueous media [25] . Because of those corrosive effects, Al can migrate to the fruit juice and its content may be elevated in the products. Aluminum does have any nutritive value in human diet, so its high content is not desirable. Al present in tested fruit juices in this study, may be due to the production process and packaging.
CONCLUSION
Fruit juices are a good dietary source of macroand micro-nutrient elements. Thus, its analysis is important for nutritional interests. All the tested juices showed that they are of nutritional value to human health and that they can be used as an additional source of macro-and micro-elements. However, the content of metals varied according to the fruit juice type (clear and cloudy) and species of fruit. The presence of aluminum and cadmium, which have no nutritional value and can be toxic can be treated as potential contaminants in this type of beverages. The content of this two metals are below levels permitted by national regulations, but due to their potential harmful effect to human health, it is necessary to monitor their presence in commercial fruit juices. ICP-OES technique used in this study was found to be accurate, rapid and reliable for major and minor elements determination in samples of fruit juices.
